in six acres of garden where they employed three indoor servants, a gardener and boy. Not far away, Colonel Frank G arrett lived in considerable affluence at Aldringham House, the small park and farm that were happy hunting grounds of the G arrett children.
In spite of all this, Mary G arrett felt that they must leave Leiston and live separately from the G arrett clan. They migrated to Oxford where Mary had a sister, Janet, wife of the Reverend John Stansfield, vicar of St Ebbes. H e clearly had an excellent influence on the young G arrett boys, for Denis has written in admiration of his relationship with them.
Although it was a great change from Leiston, the family settled well in Oxford. The boys went to the Dragon School and the girls to Headington School. The boys were extremely happy, for the Head, E.A. Lynam, allowed a considerable degree of freedom, and Denis furthered his incipient interest in natural history cycling round Oxford district. A t the age of 14, however, he was sent on to Wellington where he was far from happy and ran away twice. H e is reported as refusing to say anything except 'I don't like them, they are not kind to me'. After his third term at Wellington he refused to go back, and went instead as a day boy and later as a boarder to Eastbourne College, for the family had by then moved to Eastbourne. In later life he was more critical of himself than of Wellington, saying that he was unadapted and unadaptable to their rigid code of behaviour; a statement very characteristic of his reluctance to criticize others, just as his running away was typical of his courage and determination throughout life to follow any course he felt was right.
H e said, of his five years at Eastbourne, that he thoroughly enjoyed his time there, and in his final year became head of his house and won prizes for English and natural history. Although no biology was taught in the school at that time, the Headmaster, E. G. Arnold, encouraged his early interest in birds and this remained one of his prime hobbies all his life. H e was also much influenced in his scientific education by C.V. Temperley, the chemistry master, from whom he borrowed A.G. Tansley's (Sir Arthur, F. R.S. 1915) Elements o f plant biology, which he read with great satisfaction and benefit. It was the beginning of his interest in plants and their ecology. C a m b r i d g e a s a n u n d e r g r a d u a t e H e was sent to sit a scholarship examination at Magdalene in maths. This was clearly a mistake, and he walked out of the examination. However, he later went up to Cambridge as a pensioner at Magdalene College in 1926. H e was a very reserved, pleasant undergraduate who took little part in sports except in cross-country running, but was very studious and interested in his work.
H e read the natural sciences tripos Part 1 in botany, chemistry and geology, and Part 2 in botany, gaining seconds in both. H e was greatly influenced by the erudition of Professor Sir Albert Seward's (F.R.S. 1898) lectures on the plant kingdom, and by the lucidity with which F.F. Blackman (F.R.S. 1906) analysed complex data on plant physiology, but he was especially in admiration of the lectures of, the then young, Harry Godwin (Sir Harry, F.R.S. 1945) on ecology. Indeed, in later life, he was to emphasize for the first time the parallels between ecological behaviour of plants and animals above ground and that of roots, fungi, bacteria and other organisms in the soil. He also admired the infectious enthusiasm of F.T. Brooks (F.R.S. 1930) for mycology and plant pathology, but found his overweening interest in, and constant repetition of established facts, excessive. Nevertheless, he took up the study of mycology as his primary botanical interest, but he did not at first consider following it as a career. He so enjoyed his time at Cambridge that he viewed botany as a hobby, not as a potential career.
At one point Denis G arrett thought of the Colonial Service as a possible career, but in his last year at Cambridge he consulted the University Appointments Board, suggesting to them a career in industry. They, however, thought that he was not fitted and sent him back to discuss his future at the Botany School; perhaps then, as now, the careers people do not view biology as a good or general education. F.T. Brooks advised him to go to the newly-established Waite Research Institute in South Australia, where Dr Geoffrey Samuel accepted him in 1929 as assistant plant pathologist. EARLY RESEARCH CAREER AND MARRIAGE, 1929 -1934 Professor A.E.V. Richardson was H ead of the Waite which he had successfully launched, encouraging the young staff with his restless energy. Samuel, an extremely competent plant pathologist, gave G arrett sound advice about research and set him to investigate the 'Take-all' disease and the 'No-growth' disease of cereals, but he departed quite soon on a year's sabbatical leave.
Garrett, together with a colleague, J.G. Bald, thenceforth a life-long friend, found the early stages of research difficult, having had no real research training and no resident supervisor. As a result, as he described (67)*, he considered that he wasted his time till Samuel returned. Typically, G arrett blamed no one but himself on this 'wasted' period. However, his voluminous records of non-pathogenic fungi isolated from the soil, useless in the present context, were a foundation of his interest in the 'succession of fungal colonization of different substrates', and he referred to them in his book Biology o f root-infecting fungi (48). Later, with Samuel, he prepared two papers and gained some expertise and confidence in research.
During these four years at the Waite he read and re-read all the research papers of William Brown (F.R.S. 1938) , and he decided that he should work under his supervision at Imperial College. His time at the Waite, although it had not been very productive of finished research, had been a formative period in a new country where he had met new kinds of people and problems, made several close and lasting friendships and developed interests in music and books. He had, indeed, grown up and learned much, but he now wished to learn 'the art of scientific research' which he Numbers in this for refer to entries in the bibliography at the end of the text.
believed William Brown, whom he regarded as 'a mycologist second only to De Bary', could teach him.
In 1933 G arrett travelled back to England by a ship in which the artist Christopher Perkins and his family were also travelling from New Zealand. Denis G arrett and Jane Perkins became engaged on the voyage, although their families, with some truth, thought that Denis, who had only his savings from the Waite and no job, was not really in a position to marry. However, he was awarded a Leverhulme Fellowship in 1934 to work at Imperial College and later at Rothamsted Experimental Station, and they married in December of that year.
Jane G arrett's grandfather had been a director of Barford and Perkins Limited, one of the firms that joined with Richard G arrett and Sons in 1920 to form the combine Agricultural and General Engineers. After a period of success this finally collapsed in 1932, a casualty of the agricultural decline and uneasy relations. H er father, Christopher Perkins, was an artist whose work, although widely appreciated, has lately, posthumously, become very popular indeed in New Zealand, especially for his paintings illustrating life there.
The marriage of Denis and Jane was very happy for more than 50 years, and with their three daughters the family was united and always surrounded by friends. Jane herself, although not formally educated, had intellectual interests as strong as those of Denis and, after their daughters were grown, became head of the Department of Psychiatric Social Work in Cambridge, and later wrote an historical work* and a fascinating memoirf of the life of the Perkins family in New Zealand.
Im p e r i a l Co l l e g e [1933] [1934] [1935] Denis G arrett regarded his time at Imperial College with William Brown as the most formative period of his early scientific life. He was also influenced there by his contacts with F.G. Gregory (F.R.S. 1940) who was full of ideas and willing to discuss any botanical problem. However, he learned from his personal contact with Brown and his papers the 'art of scientific investigation', his knowledge of which had been so deficient during his time at the Waite. He prepared a thesis for Ph.D., but discovered that Leverhulme Fellows were precluded from submitting for a higher degree. He was, however, awarded a Diploma of Imperial College in 1935 and continued his work there and at Rothamsted where he found better laboratory facilities. [1936] [1937] [1938] [1939] [1940] [1941] [1942] [1943] [1944] [1945] [1946] [1947] [1948] Geoffrey Samuel had migrated from South Australia to Rothamsted in 1935 but, shortly after the arrival of Denis Garrett there, he moved to a post at a Ministry laboratory at Harpenden, and Garrett was soon appointed to his post in the Plant Pathology Department.
ROTHAMSTED EXPERIMENTAL STATION
Rothamsted, then under the direction of Sir John Russell (F.R.S. 1917), was a small, well-knit, friendly place becoming pre-eminent in its researches. There were many young, active researchers destined to become well known. Frederick Bawden (Sir Frederick, F.R.S. 1949) who afterwards became Director, following Sir William Ogg, took over the headship of Plant Pathology from Henderson Smith soon after G arrett's arrival.
It was during his 12 years at Rothamsted that G arrett did much of his important experimental work on root pathogens and soil ecology, which was characterized by great attention to detail. Each experiment was planned to a timetable which might straddle a month or more, with every important manipulation timed, even to the period or the actual time of day. Pie made use of the simplest apparatus and glassware. Indeed, later at Cambridge he was described as 'the last string and sealing-wax scientist'. In many experiments with cereal parasites he used lengths of straw, sterilized or unsterilized, soaked in water or medium, or dry. These were immersed in soil or split to contain cereal grains. The replicates in such experiments often ran into hundreds, with the treatments replicated in factorial design. For instance, in a first experiment on Helicobasidium purpureum (28), he had 18 soil combinations of pH, texture and moisture content replicated ten times in which inoculated potato tubers were buried. These soils, when prepared, were left to equilibrate for at least a month. In the meantime, agar cultures of Helicobasidium were inoculated so that at the right time, sub-marginal discs could be cut for inoculation into circular holes of the same size cut in potatoes which were placed, inoculum downwards, in the soil in glass jars. Measurement of the spread of hyphal strands on them lasted seven weeks, during which moisture content of the soils was controlled by periodic weighing and adjustment with water. The spread of the hyphal strands over the tubers was measured at stated intervals under a dissecting microscope.
This planning in great detail was viewed as somewhat 'inhuman' by G arrett's research students and assistants who found it difficult to live up to. But it was the only 'inhuman' thing about Denis Garrett, for he gave his students full freedom to work as they pleased and was helpful when they ran into difficulties, never adversely critical but sympathetic.
His time at Rothamsted was, without question, the most formative period of his research life, during which his worldwide reputation began to develop, and his reviews and books, in particular, threw new light on the subject of soil microbiology and soil-borne diseases. Indeed, it has been said of him that he was so much better on paper than in lectures or verbal discussion.
JAMAICA 1948
At the end of the War, having worked hard at his research and at agricultural advisory work, and having taken part in fire-watching and the Home Guard, there was a sense of anticlimax and restlessness. As Jane G arrett has described, Denis came rushing home one day in 1947 saying: 'How would you like to go to Jamaica?', to which she characteristically replied: 'I'd love to; shall I go and pack?'. It was, however, a year later, in 1948, that they said farewell to Rothamsted and sailed for the West Indies, for Denis to take up a post as Plant Pathologist to the West Indian Banana Research Scheme. This move proved unfortunate, for Denis was invalided home six months later because he could not stand the climate.
The family arrived back in England virtually penniless and it was by great good fortune that G arrett obtained an A RC grant to write up his work done in Jamaica. Later, in 1949, a Lectureship in Mycology became vacant at the Botany School at Cambridge, and F.T. Brooks offered it to him.
CAMBRIDGE 19 4 9 -1 9 8 9
The work as a lecturer at Cambridge was not very different, on the research side, from that at Rothamsted. In both, he supervised research students working for research degrees and he knew their weaknesses and needs. H e understood the need of new graduate students to get some experimental results quite soon, so that they had something to think about, so he provided much help at first for weeks or months. After that he left them to their own devices, encouraging them when they asked for help, even if they were following lines other than those he advised. D r Sally Smith (who was one of the first of his students to use modern techniques of radioactive tracers and chromatography for her work) wrote:
He taught us that people often want to pigeon-hole facts neatly and categorize things, so that they can think about them easily. This does not mean that the natural phenomena in question can be fitted into distinct categories; they may be unrelated or form a continuum. 'Beware of over-simplification'. Uncle Den expressed this much more elegantly; but I'm not sure whether he wrote it anywhere.
H e may not, indeed, have written it explicitly, but his helpful and perceptive generalizations about soil fungi, which he classified in terms of ecological behaviour, bear out the truth of this. As for the reference to 'Uncle D en', this nickname was never used in his presence. His research people from the mid-1960s onwards used it affectionately. Those of earlier epochs referred to him equally affectionately as 'D en'. In the laboratory the youngest were always formally addressed by him by surname if male or as 'Miss X ' if female; but after achieving Ph.D. status they were taken quietly aside and addressed by their first name and asked to call him 'Denis'.
As a lecturer he had a slow, definite delivery (which some found tedious). H e wrote, clear and large, important concepts that he was describing, on the blackboard, but 'he had the ability to transpose above-ground ecological concepts to soil and express them in ways which gave a real feel to the cold, dark, wet world below. The problems of that world were discussed in a way that even non-mycological students are unlikely to forget.' D r Smith further writes: 'He had an ability to reduce complex processes to simple concepts that students could understand, and indeed that could be approached experimentally.' That is a very perspicacious observation, for that trait underlies much of G arrett's success and his deservedly high reputation as a mycologist and plant pathologist the world over. His books and reviews engendered understanding of complex problem s and encouraged the form ulation of experim ental ideas. Nevertheless, there were some who found his generalizations woolly and unhelpful, and among his students at Cambridge some thought his approach over-simple, especially in that department where there tended to be a split between 'physiologists' and 'non-physiologists'. The simplicity of his experimental methods and his lack of interest in 'high-tech' methods came in for criticism from undergraduates as well as others. On the other hand, Dr ap Rees is reported as saying that he did not need high-tech methods to test his ideas.
He treated the laboratory staff, technicians and secretaries, with great respect and kindness, explaining carefully what he needed of them. He made no excessive demands, for he enjoyed working quite alone at his experiments whenever that was possible.
During his period as Acting Head of Department he was firm when necessary and dealt with the one or two difficult problems with suitable authority. He was, as ever, honest, kind and concerned in his relations with all members of the Botany School. He expected and obtained loyalty from his colleagues, for here as well as in College he had great respect (some thought, an excessive respect) for those in authority.
His several idiosyncrasies increased the affectionate regard for 'Uncle D en'. He was noted for his slow, deliberate cycling through the Cambridge traffic, and for his rolling his own cigarettes. The latter activity was conspicuous during seminars, when he sat at the front, apparently falling asleep, with a so called cigarette in his mouth, but waking up to ask a piercing, probing question at the end of the exposition. On mycological excursions he seemed more interested in edible fungi, especially Amanita rubescens (the blusher) than in others.
His interest in natural history remained his great hobby and to his knowledge of birds he added, while in Cambridge, an increased knowledge of wild plants. In the early 1950s he decided that, as a Lecturer in Botany, he must take himself in hand, so he kept a card index of all the wild plants he encountered, till within a few years he had a remarkable knowledge and record of the British flora, with habitats and locations where he had found them. He extended this to those parts of Europe that he visited on holiday.
He found time, in addition to his duties in Cambridge, for outside activities, in scientific societies and on public committees.
If he had to review a book or paper or give an author the benefit of his advice, he took great trouble in preparing his opinion. This would be very penetrating (if adverse), kind and helpful; if laudatory, couched in terms of respect and comparing the views expressed with those of others in a helpful way. I know of only one book that G arrett reviewed (deservedly) in a totally hostile manner. Moreover, Professor Robertson, in his obituary address, quoted him as once having said of a fellow scientist 'that man casts darkness on everything he studies': a most uncharacteristically critical remark. Indeed, Denis G arrett was a very friendly man whose face would light up with a smile when one met him, and he would fall into conversation about family, general or scientific matters without effort. H e was not selfish of his scientific observations or views. These he gave generously in discussion to be quoted or used if helpful. He welcomed all who sought his advice. Professor R.K.S. Wood (F.R.S. 1976) wrote of his being invited, when a Ph.D. student, to visit Denis G arrett at Rothamsted. '[he] treated me as if I were an established research worker and not as a very raw recruit. Then he continued to take an interest in my work until it was examined for P h .D .... ' Denis G arrett's modesty led him to be surprised that he achieved a worldwide reputation. H e ascribed any honour that he was awarded to the help of his friends, not to his own work. H e was especially pleased to be elected into a Fellowship of Magdalene in 1962, and in 1973 into a Class E Fellowship, that is, as 'a person of special distinction in learning, letters or science'; and again, in 1967, when he was elected F.R.S. O ther honours that came his way are listed at the end of this memoir.
For Magdalene, where he had been a pensioner in early days, he had a deep affection. As a Fellow elected for his distinguished scholarship he took little part in the day-to-day running of the College, although he regularly attended Governing Board meetings. H e was Chairman of the Garden Committee and a valued and wise member of the Fellowship Committee. He held, till his health prevented it, to the old tradition of dining in college on Sundays after attending evensong in the college chapel, and he particularly enjoyed the conversation after dinner in the combination-room.
Il l h e a l t h
In spite of being unable to stand the climate of Jamaica in 1948, Denis G arrett remained in good health until 1964, when he was found to have a coeliac condition and to be diabetic, so that he had to be strict with his diet and have insulin injections. He refused to let this affect his work or his leisure activities. However, later, in 1981, his sight began to fail and a cataract operation was essential. Progressively he developed diabetic neuropathy and walking became difficult. After a second cataract operation in 1984 his sight and his sense of balance so deteriorated that he had to take to a tricycle, instead of a bicycle, which he rode through Cambridge with his white stick over the handle-bars. Over the next few years he had to stop tricycling and had to walk with a frame, and finally took to a wheel-chair for any distance. He, however, refused to be defeated and he used to walk up and down the road with his frame, for exercise, every day till the end.
His determination is illustrated by the fact that he continued to publish up to 1984, although he ceased experimental work a few years earlier because his sight was not up to it. He never repined of the things he had lost. He enjoyed the society of his family and his friends and excursions by car into the country, especially if some plant or bird could be found. He gained a great deal of pleasure listening to music, of which he had an extensive knowledge, developed since his early days in Australia. His favourite composers were Elgar, Britten and Vaughan Williams, and he listened to the 'Dream of Gerontius' the evening before he was overtaken by his last illness.
R e s e a r c h e s

General
Although Denis G arrett worked mainly on soil-borne plant pathogens, his contributions had a very great impact on the understanding of the ecology of soil-borne organisms. His carefully designed experiments, using very simple methods, which aimed at answering specific questions on a wide range of pathologically relevant subjects, led him to write clear, carefully researched, review articles and books (4, 10, 24, 39, 42, 48, 58, 65, 82) . These helped him, and certainly stimulated others, to formulate questions for experimental resolution. In them one can follow the development of his, and indeed the general, understanding of soil ecology; for the years of his active life spanned almost the whole period of that subject.
H e was never reluctant to admit any fault in his interpretations and he gave full weight to opinions contrary to his own in revising and restating his views. 'In research', he wrote (72), 'as in other creative ventures of the human spirit, there is no need to regret mistakes, what we should regret is letting others precede us in correcting our mistakes, when opportunity has opened the door'.
H e began research in the late 1920s when it had just begun to be realized that experiments using sterilized conditions, where pathogen and host alone were present, gave results inapplicable to the real world. Already in 1934 (3) he had shown some effects of interaction and competition between bacteria and plant pathogens in the soil, and in a review of the Pathogenicity o f foot-rot fungi (47) he quoted H.S. Fawcett and other authors in the period 1931-1933, who had written on the new concept of biological antagonism in the soil. His researches thereafter, although having a central aim of understanding plant diseases and disease fungi, encompassed soil ecology and the place of fungi in soil populations. To him, soil microbiology was essentially a branch of ecology. It is exceedingly difficult to do justice to his work in a short compass.
Gaeumannomyces graminis
Ophiobolus graminis (now called Gaeumannomyces graminis Arx. and Olivier) was the pathogen that G arrett began to study in Australia and which became his most important model of a soil-borne pathogen. It is the cause of Take-all and W hiteheads diseases of cereals, and he published about 30 papers about its biology, including pamphlets giving advice to growers for its prevention or control based upon research on it. The series 'Soil conditions and the Take-all disease of wheat', I-X (5,6 ,1 1 ,1 2 , 14-16, 25, 33, 34) includes the most important.
Already, in Adelaide in 1934 (3), he had shown that wheat in light soil was very susceptible to Take-all, partly owing to the small numbers of bacteria present. Increase of organic matter, which increased the bacterial population, reduced the incidence of Take-all, although inorganic fertilization did not. His review (4) showed that the effects of soil temperature and moisture control on disease incidence differed in sterilized and normal soil, owing to competition or biological antagonism. In agreement with these conclusions, G arrett observed (5) that G. graminis could not spread by mycelium through soil, but only by hyphae along the surface of susceptible roots. H e concluded also, that as its rate of spread there was reduced in acid, poorly aerated soils but recovered with forced aeration, G. graminis was sensitive to carbon dioxide concentration. In reaching this conclusion G arrett was, doubtless, influenced by the fact that William Brown at Imperial College had made a study of the adverse effect of C 0 2 on spore germination of fungi. However, as G arrett explained in 1974 (72), he became doubtful of this explanation in the case of G. graminis in 1968, when D.J. Greenwood (F.R.S. 1985) read a paper on soil carbon dioxide at the 1st International Congress of Plant Pathology, in London, and he freely admitted his probable mistake. Following later experiments in G arrett's laboratory and elsewhere, the limitation of the hyphal spread of G. graminis was found to be caused by low oxygen availability, rather than C 0 2 excess.
Because G. graminis could not grow through the soil itself, its persistence and ability to produce epidemics needed investigation. It was shown (16) to persist, and indeed grow, on the surfaces of roots of most of the 16 pasture grasses that he tested. Of these, Phleum pratense and Avenaelatior (Arrhenatheru G. graminis and were recommended for use on heavily infested wheat-lands.
The persistence of this pathogen in cereal stubble was studied in the laboratory (11, 14, 25) . The decline in the amount of viable mycelium was sharpest in conditions that favoured the growth of soil micro-organisms, except that addition of nitrogenous nutrients decreased the rate of decline of viability. It was therefore concluded that available nitrogen allowed G. graminis to exploit carbon reserves in the stubble and so persist, although an additional possibility existed that, in the absence of other nitrogen supply, the mycelium of G. graminis itself might be so used by other organisms.
Cellulose destruction by root-infecting fungi
Cellulose in straw was the principal carbon source, so G arrett was led to study its use by root-infecting fungi in a series of papers, 1960-1984 . In these he sought to explain more completely the differing effects of nutrients, especially of nitrogenous substances, on their growth and survival on cellulose substrates such as straw or filter-paper. H e observed that R h izo cto n ia so la n i, a widespread pathogen of cult plants, mostly herbs, and a mycorrhizal associate of some orchids, could actively colonize and decompose cellulose in unsterilized soil, and compete with soil saprophytes (56). On the other hand, many root-infecting fungi could not do so. Their cellulolytic activity varied greatly between species and in different conditions (56, 61, 62, 66, 70, (76) (77) (78) 81) . For instance, Circosporella herpotrichoides had low but significant cellulolytic ability and could persist for several years in wheat straw without exhausting the available carbon compounds. At the other extreme, Helminthosporium sativum hydrolysed cellulose so actively that it rapidly exhausted the carbon available and perished, both by starvation and, to a lesser degree, by the invasion of competitive and antagonistic organisms.
Phialophora r a d i c i c o l a
, also by virtue of cellulolysis, released sugars so far in excess of their absorption as to enable saprophytes to compete and exhaust the other available nutrients. On the basis of this observation he postulated (58) the existence of commensal fungi, dependent on the cellulolytic activity of others. Such fungi were later described by H.T. Tribe. Fusarium culmorum, also rapidly cellulolytic, persisted longer by virtue of its resistance of competition and antibiosis.
G arrett derived an index of 'cellulolytic adequacy' (CAI) which related rate of cellulose breakdown (estimated, for instance, by weight loss of filter-paper) to rate of carbon use (estimated by rate of growth). H e also related the rate of use of cellulose to the 'competitive saprophytic ability' of species or strains (as measured by the proportion of unsterilized material needed to reduce the colonization of a standard quantity of a cellulosic substrate by one-half under standard conditions). By criteria derived in these simple ways he sought to group soil fungi and their activities, to allow generalizations.
He pointed out in 1982 (87), in one of his last papers, that ectomycorrhizal fungi were the extreme case of root-infecting fungi which depended entirely on carbon compounds exuded by the cells of the roots of their hosts, and they had no cellulolytic ability. Root-infecting fungi of herbaceous plants that spread by hyphae on the root surface, displayed very low cellulolysis, whereas those of woody plants, especially those that penetrate, had considerable cellulolytic ability.
Soil ecology
The interest in ecology imparted to him by Harry Godwin in his undergraduate lectures remained with G arrett all his life. He thought of the interactions of roots, fungi, and other micro-organisms as similar to those of higher plants and animals above ground. Concepts of succession, dominance, competition, life form, change and stability, as well as dispersal and reproduction, were recurring themes in his writing. In 1952 he wrote an extremely enlightening review called 'Soil fungi as a microcosm for ecologists' (43), drawing many of the possible parallels.
H e considered the virtues and defects of many of the methods of estimating the frequency and activity of different kinds of fungus in soil and whether they existed as mycelium rather than as spores. He followed S.A. Waksman, at first, in recognizing 'soil inhabitants' found commonly and widespread in soils, and 'soil invaders' restricted to special sites. He emphasized the small scale of the repeating pattern of the distribution of fungi around individual patches of substrate. In each patch there was a sequence of colonization, exploitation and consumption of available nutrients, followed by a decline of individual fungal mycelia and the whole population. This sequence he likened to the 'Pattern and process' which A.S. W att (F.R.S. 1957) had observed in above-ground communities such as heathland, moorland and forest. Roots and root surfaces were examples of exploitable patches that he viewed as 'difficult' habitats in which the colonizers, the root-inhabiting fungi, had properties enabling them to exploit the root in spite of host resistance and the presence of soil saprophytes. Subsequent succession was seen to occur on roots following death, caused by the pathogens, so paving the way for secondary parasites and saprophytes. He drew a parallel between this sequence and angiospermous colonization, for instance, of sand-dunes or rock-faces where the primary colonizers paved the way for later stages in the succession. In each case the actual sequence depended on the changes in the habitat, competition for, or release or production of nutrients.
His first ideas of ecological groups of soil fungi were clearly expressed in 1956 (48). The aim, he wrote, 'is merely to indicate certain types of behaviour and thus act as a guide to subsequent research'. His group of root-inhabiting fungi included most mycorrhizal fungi and specialized parasites with a reduced capacity for spreading through the soil against the competition of soil saprophytes. Both these groups were root-infecting fungi, but so also were unspecialized parasites which could also exist as soil saprophytes. These latter with the obligate saprophytes w ere classed as soil-inhabiting fungi. G arrett observed that root-inhabiting fungi might spread on, or within, the host by utilizing nutrients made available by exudation or enzyme action, and he made a special study of some examples. H e emphasized that the primary infection was a difficult phase involving the overcoming of host resistance. For instance, the spores of G. graminis were ineffective as infecting agents (12), although he had previously concluded to the contrary in 1933 (2). But he was impressed by the fact that William Brown had shown that some spores could effectively attack leaves if supplied with nutrients artificially or by exudation from the leaf surface. Hence, in his discussions of infection by, or infectivity of fungal spores or hyphae, G arrett stressed the need for an internal or external source of food or 'food base' from which the infecting hyphae, hyphal strands, rhizomorphs or spores could draw nutrient. In 1973 (69) he wrote an essay on the reproductive resources deployed by pathogenic fungi in comparison with E.J. Salisbury's (F.R.S. 1933) generalizations for flowering plants in his book, The reproductive capacity o f plants. This essay makes clear G arrett's ideas of the importance of the 'food base' to supply the nutritional needs of reproductive and infecting organs of fungi. Indeed, the idea of a food base upon which an infecting organ depended for adequate 'inoculum potential' to overcome host resistance and to infect, was stressed in many of his discussions (see, for example, 47, 54, 59, 64). He defined 'inoculum potential', however, as 'the energy of growth of a parasite available for infection of a host at the surface of the host to be infected', and later applied a similar definition, with minor verbal changes, to saprophytic colonization of a substrate (64).
In considering infection by hyphae or rhizomorphs, he pointed out that only soil-inhabiting fungi could spread readily through the soil and gain a sufficient inoculum potential to infect a host from that source. Among these, the parasites Rhizoctonia solani and Rosellinia spp. were examples. Others need to grow out of a colonized source of food or a sclerotium to infect a host or a new source of food successfully. By reducing the quantity of nutrient available to an inoculum of the saprophyte Psalliota, its ability to colonize straw was proportionately reduced (45). Similar experiments with the parasite Armillaria mellea (44, 46, 49, 53) demonstrated that the growth of its rhizomorphs through sand to attack woody tissue, alive or dead, was reduced with the reduction of the size of the woody inoculum. Indeed, the rate of growth of rhizomorphs, rapid at first, fell away as the growing apex became more distant from the food source, and the vigour of the attack likewise diminished. In addition, competition or antagonism from soil denizens might diminish vigour of infection (52).
In considering infection of roots by individual hyphae, G arrett described how those of G.
graminis, for example, grew on the surface of the root of the host as a spars hyphal network, producing a series of penetrations into the tissues which together reduced the resistance of the host (24, 65) and allowed complete exploitation of the host tissues behind the front of 'ectotrophic' growth. Those diseases in which a surface tissue of aggregated hyphae advanced along a root were a further specialization of this habit. By reducing the resistance of the host by synergistic activity of many hyphae, the fungus was less dependent on its primary food base to achieve full infection of the host organ. Ectotrophic spread of disease fungi was, however, demonstrably more susceptible to soil conditions and soil organisms than infection of roots by fungi which penetrated deeply and spread endogenously. G arrett's definition of 'inoculum potential' and 'competitive saprophytic ability', although having some heuristic value and being appreciated by many as helpful in considering problems of development of infection or resistance to competition and antagonism, came in for criticism. Clearly the use of terms like 'energy' in a rather vague way, which might mean 'available nutrient' or something of that nature, was found unhelpful by the more physiological or biochemical plant pathologists. Professor R.K.S. Wood, although a great admirer of Denis G arrett and his work, writes that to him 'it was almost meaningless' but he adds: 'let me end by saying that I am probably a minority of one ... in uttering even this slight criticism of Denis. This criticism only reflects differences in the way we studied plant disease. He was constructive and hopeful, hence his influence and the acceptance of his ideas.' However, although I, like many others, found his ideas helpful, I criticized the lack of precision of the definition of inoculum potential in reviewing one of his books. At best it is a potential that can only be estimated approximately quantitatively in particular cases under defined conditions, although as a general idea it is helpful.
On the subject of biological antagonism, Garrett quite early (43) advised against the excessive optimism of those who believed it would undoubtedly provide an all-important means of controlling diseases of plants. He took the example of Trichoderma viride which, following the work of R. Wiendling, was expected to be of great importance in disease control, and showed that considerable changes in the habitat were necessary to encourage its growth. These changes might necessitate great increases in soil acidity or partial sterilization, neither very practical on a field scale. H e gave, however, examples (48, 59, 65) such as those from the work of J. Rishbeth (F.R.S. 1974), one of his colleagues, of the successful control of Fomes annosus by Trichoderma viride and Peniophora gigantea, as well as by chemical means.
G arrett summarized his views in the paper read to a conference on biological control in 1965 (59). 'Biological control cannot be separated from the whole subject of disease control, which involves eventually a com plete knowledge of the biology and epidemiology of a disease, and of the ecology of the crop plant', and again, 'The prospect of achieving biological control was the lure that gave many of us an exciting quest in the first place and kept us experimenting in spite of repeated disappointments. In due course, some of us half forgot what we had first set out to find because we found so much else of interest and value on the way.'
Influence on the study o f plant pathology
There are other reasons, besides his valuable researches, that explain the influence that Denis G arrett had on the study of plant pathology and soil ecology. The first was his friendliness and willingness to give his time to help others; both his students and visitors from other universities or other countries. H e treated them with great respect and listened to their views with understanding and sympathy, w hether they were very junior or distinguished senior workers. H e supervised the work of some 31 graduate students, many of whom now occupy im portant positions. As a result he had many personal scientific friends the world over who have benefited from his sound advice or encouragem ent and are following his views in their teaching.
Secondly, as Professor R.K.S. W ood has written: 'For many years he led the world in his writings on diseases caused by soil-borne pathogens -for control ideas, synthesis and style [in a] horribly complex subject in which data of a sort are easy to get but which are difficult to interpret.' A t times he was open to the criticism that he overstated the significance of his and the experimental work of others, but he produced generalizations which provided models for himself and others to use in designing experiments. Many of his reviews and books are still essential reading for those interested in soil-borne pathogens and soil ecology.
Thirdly, G arrett influenced plant pathology by playing a leading part in societies and organizations studying it. H e became the President of the British Mycological Society in 1953-1954 and assumed the onerous task of editing its transactions for five years [1956] [1957] [1958] [1959] [1960] [1961] [1962] . As chairman of committees he was able and successful, bringing business to a conclusion with the minimum of delay but allowing adequate discussion of difficult subjects. H e has been described as 'always available for advice and encouragement, commonsensical and pragmatic'. In 1963 he attended the First International Symposium on factors determining the behaviour of plant pathogens in soil, at Berkeley, California, where he contributed the important introductory paper (59) as well as a valedictory speech of comedy and wit. At that conference a committee under the chairmanship of Professor N.T. Flentje put forward a resolution that Denis Garrett be asked to chair a steering committee to set up a second conference in London. This proved to be fortunate, for in 1964 at the Tenth International Botanical Conference in Edinburgh, at which G arrett was chairman of the Pathological Committee, an influential group decided that there ought to be an International Plant Pathological Congress, separate from the Botanical Congresses. Denis G arrett offered to use his influence to cause it to be arranged, so that the projected symposium on soil-borne diseases should be part of a wider First International Congress on Plant Pathology. The move was highly successful and further conferences, following the one in London, have met periodically since, embodying symposia on soil-borne pathogens.
Further than this, G arrett was behind the move of plant pathologists in Britain to form their own Society, separate from the Association of Applied Biologists (AAB) and the British Mycological Society (BMS). This occurred in two stages. The first resulted in the formation of the Federation of British Plant Pathologists supported financially by, but separate from, the AAB and BMS; the second stage resulted in the formation of a completely separate British Society for Plant Pathology, of which Denis Garrett was made the first Honorary Member. 
